Abstract. Piles are often used in groups, and the behavior of pile groups under the applied loads is generally different from that of single pile due to the interaction of neighboring piles, therefore, one of the main objectives of this paper is to investigate the influence of pile group (bearing capacity, load transfer sharing for pile shaft and tip) in comparison to that of single piles. Determination of the influence of load transfer from the pile group to the surrounding soil and the mechanism of this transfer with increasing the load increment on the tip and pile shaft for the soil in saturated and unsaturated state (when there is a negative pore water pressure). Different basic properties are used that is 6 Ȗd = 15 kN / m 3 6 Ȗd = 17 kN / m 3 DQG 6 Ȗd =15 kN / m 3 ). Seven model piles were tested, these was: single pile (compression and pull out test), 2x1, 3x1, 2x2, 3x2 and 3x3 group. The stress was measured with 5 cm diameter soil pressure transducer positioned at a depth of 5 cm below the pile tip for all pile groups. The measured stresses below the pile tip using a soil pressure transducer positioned at a depth of 0.25L (where L is the pile length) below the pile tip are compared with those calculated using theoretical and conventional approaches. These methods are: the conventional 2V:1H method and the method used the theory of elasticity. The results showed that the method of measuring the soil stresses with soil pressure transducer adopted in this study, gives in general, good results of stress transfer compared with the results obtained from the theoretical and conventional approaches.
Introduction
The bearing capacity of unsaturated soils can be viewed as an extension of saturated soil mechanics. The unsaturated soil can be visualized as having a cohesion consisting of two components. One component is the effective cohesion, and the other component is due to matric suction which is usually ignored in the conventional bearing capacity analysis, with this concept, the conventional bearing capacity theory is applicable to unsaturated soils [1] .
The stresses on the underlying strata produced by piles are difficult to estimate for several reasons [2] :
1. Influence of pile cap especially when it is in direct contact with the ground. 2. Unknown friction and end bearing effect on pile. 3. Overlap of stresses from adjacent piles, which is difficult to evaluate. 4 . Influence of driving piles on the adjacent soil. 5. Time dependent effect such as consolidation, thixotropy, varying load and change in ground water table. The typical stresses/soil pressures produced from shaft friction or end bearing of a single pile and a group of piles are shown in Figure 1 . If piles are used in groups, there may be an overlap of stresses, as shown in Figure 1b , d and e, if the spacing is too close. If the overlap is large, the soil may fail in shear or settlement. Though, the overlapping zone of stresses obviously decreases with increased pile spacing, it may not be feasible since the pile cap size becomes too large and hence expensive [3] .
For these reasons, it is common practice to simplify the stress computation, the load is assumed to spread from fictitious rigid footing located at a depth of L/3 from the bottom of the pile. Using the theory of elasticity as presented in Bowles (1996) [2] , for three cases of stress distribution, illustrated in Figure 2 , these are:
Case1: end bearing, Case 2: constant skin friction, and Case 3: linear variation of skin friction. The stress is obtained as:
where: Vz = vertical stress, P = applied load, Lp = embedment pile length and Kz = stress coefficient.
The stress coefficient Kz is obtained from the equations presented for every case mentioned or directly from tables presented in the same reference. Taylan (2011, 2012) , suggested more experimental and numerical studies LQ SURJUHVV WR FKHFN WKH YDOLGLW\ RI WKH PRGLILHG Į E DQG Ȝ PHWKRGV IRU GLIIHUHQW FRDUVH DQG fine-grained soils [4] [5] . These studies will be useful to better understand the influence of matric suction on the load carrying capacity of the piles. They also suggested different techniques of testing to alleviate some experimental problems. For instance, instead of drilling a hole into the initially compacted soil, they suggested compacting the soil around the pile using a specially designed compactor, such a technique would reduce disturbance during pile installation for tests and likely provide better correlation results as it eliminates the problems associated with the soil disturbance. In addition, this technique also provides better contact between the pile and the soil.
Mohsen (2012) [6] and Fattah et al., (2014) [7] investigated the behavior of a single pile in unsaturated soils using a pile foundation with (0.6 m) diameter and (12 m) length, embedded in fully saturated and partially saturated Iraqi soils, within Baghdad city. The analysis was carried out using the finite element programs SIGMA/W and SEEP/W.
The main objectives of the research are to investigate the influence of the following factors on the behavior of single and pile group foundation: Investigating the behavior of single pile and pile group foundation system in saturated and unsaturated soils. And studying the stress distribution within the soil system and below the pile tip and negative pore water pressure variation with water content. 
Experimental Work
Two sets of containers were used in the experimental work, These containers are designed to serve the saturation process and can be subdivided into three types according to the pile group tested as follows: Container 1 with internal dimensions of 20 cm length, 20 cm width and 35 cm height, this container was used for single pile test (compression and pull out test). Containers 2 with internal dimensions of 30 cm length, 30 cm width and 35 cm height, this container was used for pile of (2x1) and (2x2) group configuration. Container 3 with internal dimensions of 40 cm length, 30 cm width and 50 cm height, this container was used for pile groups of (3x1), (3x2) and (3x3) configuration. It should be noted that the spacing between piles is the same for all pile groups s = 3 (i.e. 6 cm).
In saturated tests, the water was supplied to the container through a main water supply plastic tube of 10 mm diameter, this tube is branched into two pipes of the same diameter on every side of the container to ensure gradual and uniform saturation process from the base of the container to the surface (saturation was progressed from the bottom to the top of the soil surface in order to expel any entrapped air during saturation process). The physical and chemical properties of the soil used are illustrated in Table 1 . According to the Unified Soil Classification System (USCS), the soil can be classified as (CL -ML) with 38% sand, 28% silt and 34% clay. Fattah et al. (2013) concluded that the maximum suction is measured for soils of low consistency (liquid limit < 40%) [8] .
Six model pile groups were tested, these are single pile, 2x1, 3x1, 2x2, 3x2 and 3x3 groups. The model piles used were made of aluminum metal with a square cross section (20 mm x 20 mm) and 1.2 mm thickness. The pile model was closed at the toe with an aluminum plate (closed end pile), and attached to the pile cap with two small aluminum angles (20 mm x 15 mm), 2 mm thick by two bolts and nuts as shown in Figure 3 . 
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All piles have a length of 200 mm to give an L/D ratio = 10, with the same spacing for all groups s = 3. To facilitate and minimize the disturbance of the soil during pile inserting, another aluminum pile of square cross section (15 mm x 15 mm) was used which is slightly smaller in cross section in comparison with the used pile. This pile was inserted prior to the pile installation to facilitate the pile jacking and minimize as possible the soil disturbance. After that, the pile group was jacked to the soil model slowly and checked within the jacking process to be in the horizontal alignment.
The cap used in the test was also modeled using aluminum plate with smooth surface and thickness of 6 mm. It was connected to the pile group with bolts and nuts. The stresses below the pile groups are measured by soil pressure transducer type (KDE-200 kPa) located at 0.5L (5o mm) down the piles (center piles). The transducer is connected to a digital data logger (TC-32K) through a five channel switching box (CSW 5A).
` The soil was prepared in accordance with the type of test (saturated or unsaturated), and the amount of soil according to the testing container adopted. The saturated soil was prepared according to the following steps:
1. The sieved soil is prepared at a water content equal to 12.5% which is in the range of optimum moisture content. 2. Each 10 kgs of conditioned soil is mixed gradually and thoroughly with an amount of water corresponding approximately to the water content of 12.5% by hand for a period of 10 minutes to give a uniform distribution of moisture content. 3. After mixing with water, the wet soil is kept in double tightened polythene sheets and left for about 2-4 days as a curing period. Two samples of the soil are extracted to check the actual water content, after that the pre-calculated amount of soil according to the box selected is spread to occupy 50 mm depth of the box. This quantity of soil is compacted to the desired depth using a special tamping steel hammer of (100 mm x 100 mm) in size. The soil is tamped according to the calculated dry density. Before placing the second layer using the same procedure, the surface of the first layer is scratched to give a good interaction with the next layer. 
6005 logger (TC-32K) through a five channel switching box (CSW 5A). The transducer is placed at a depth of 0.25L (5 cm) below the pile tip in all tests for stress measurements below the pile tip. The same procedure for the saturated soil is used here except that the water content was pre calculated according to the selected degree of saturation. Figure 4 shows details of the equipment that was designed to serve the objective of the proposed testing program. The loading frame was constructed using two steel channels (150 mm x 50 mm x 8 mm), and 2 m length as supporting columns. They are connected with two other steel channels of the same dimensions, 1.2 m length. One of these channels was to fix the column channel against movement during the load application, while another channel was allowed to move vertically for about 500 mm according to the container length used during the test-full details are given by Khallawi, 2015 [9] .
The vertical load was applied on the model piles by means of a hydraulic jack, the applied load was measured using a calibrated proving ring with 2 kN capacity. A dial gauge with 0.01 mm accuracy was used for measuring settlements of the pile group model. The load is applied incrementally with a period of 5 minutes for every load increment as adopted in some pile load tests-U. S. Army Corps of Engineers, 1991 [10] . These figures show a good agreement between the results of experimental and the theatrical approach, it can be noticed that the vertical pressure in experimental work is not varying linearly with the applied load, while the linear line is obtained for theoretical analysis. That may cause the stress transfer below the pile tip measured from experimental work is more reasonable than that of the theoretical and conventional 2V:H methods because the experimental results show that the tip resistance increases rapidly before pile failure, while the other two methods consider that the tip resistance is constant throughout the test.
Further, for theoretical analysis, the stress is transferred to the pile tip and shaft by a linear variation and the percentage of load shared by the shaft and tip is calculated according to final results of load shared between the shaft and tip obtained from the experimental work for all pile groups. These values are also presented in Tables 2, 3 and 4 . Further The Poisson's ratio used in the theoretical analysis is 0.4 is used for saturated soil, while a value of 0.2 is used for unsaturated soil as suggested by Bowles (1996) [2] . f. 3x3 group. e. 3x2 group. f. 3x3 group. The stress transferred is important in the analysis of the pile foundations, since it provides the amount of stress transferred to the underlying soil below and around the pile groups, and consequently, the capacity of the soil to carry these stresses safely. However, there is a complexity associated with studying these stresses due to the difficulty accompanying the method for the stresses to be transferred to underlying soil, since this phenomenon is controlled by many factors reviewed in the introduction.
